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(57) ABSTRACT 

Systems and methodologies that provide for multi-param 
eter sensing via micro fabricated sensing structures opera 
tively connected to oscillators, each micro-fabricated sens 

(73) Assigneez ZIN Technologies’ Brook Park, OH ing structure in part de?nes a frequency of a respective 
associated osc1llator. Output from such oscillators can be 

(21) APPL NO: 11/352,629 combined together, and then AC coupled With an incoming 
DC voltage that feeds the oscillators. The Wiring arrange 

(22) Filed; Feb_ 13, 2006 ment includes tWo conducting paths/Wires that carry a direct 
current to the oscillators as Well as outputting the combined 

Related US, Application Data signal to external measurement devices. In addition, 
arrangements for pressure sensors are provided that mitigate 

(62) Division of application No. 11/069,801, ?led on Feb. errors from temperature variations and the induced stress/ 
28, 2005, noW Pat. No. 7,042,230. strains. 
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PRESSURE SENSOR WITH EXPANDING MEMBER 

REFERENCE TO RELATED APPLICATION 

[0001] This application is a divisional of US. patent 
application Ser. No. 11/069,801 ?led on Feb. 28, 2005, and 
entitled, “MULTI-PARAMETER SENSING SYSTEM”, the 
entirety of Which is hereby incorporated by reference as if 
fully set forth herein. 

GOVERNMENT INTERESTS 

[0002] This subject invention has been developed With 
government support under Contract No. DMI-0321616 
aWarded by National Science Foundation (NSF). The United 
States government may have certain rights in the invention. 

TECHNICAL FIELD 

[0003] The subject invention relates generally to sensors, 
and in particular to a micro-fabricated sensor system With a 
tWo Wire arrangement, namely: a signal Wire that carries a 
direct current to electrical oscillators of a sensing system, 
and a ground Wire that functions as a return path for closing 
a typical electrical circuit. Such an arrangement carries 
direct current to electrical oscillators of the sensing system, 
While simultaneously outputting combined signals from 
such oscillators to external measurement analyZing 

device(s). 

BACKGROUND OF THE INVENTION 

[0004] Sensors are typically employed in a Wide array of 
industrial applications for the measurement of various physi 
cal parameters, e. g. pressure and temperature. Such sensors 
often rely on variance of a physical property that is measured 
by a sensing element, and then correlated to a value of the 
desired parameter by measurement or analyZer units. For 
example, pressure and temperature sensors often rely on the 
transmission of strain from an elastic structure (e.g., a 
diaphragm, belloWs, and the like) to the sensing element. 

[0005] For such sensors, errors in measurement may occur 
if properties other than those intended in?uence the mea 
sured properties. For example, temperature stresses/strains 
induced in the diaphragm of a pressure sensor from an 
attachment surface can adversely affect accuracy of the 
pressure measured With such sensor. Likewise, as a result of 
the mismatch created by the differences in the coef?cients of 
thermal expansion for the sensor and its packaging, unde 
sirable ther'mo-mechanical stresses can also be induced on 
the sensor element. As such, packaging components having 
material properties different than the sensors that they carry 
can also affect measurement reliability. 

[0006] Moreover, in general the long term stability of the 
sensor attachment to the associated structure is also impor 
tant, since attachment of a typical sensing element to another 
structure With high temperature variation can in general 
contribute to a large source of error, When the attachment is 
not highly stable. Accordingly, a major source of such long 
term sensor instability can be effect of other undesired 
parameters, such as temperature changes and the ensuing 
stress/ strain on the sensing element from sources other than 
those being measured. Such can typically result in a perma 
nent shift or drift error in the sensor signal output, and create 
inaccurate measurements. 
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[0007] At the same time, typical electronics and their 
associated sensitive devices cannot be placed in close prox 
imity to the harsh environments, Wherein the required 
parameters are actually acquiredi(e.g., high temperature, 
pressure that exist Within an engine, turbine and the like)i 
since exposure to such harsh environment can prevent 
correct operation or cause permanent damage of electronic 
circuitry. Accordingly, Wiring arrangements can in general 
be required to transfer a signal resulting from measurements 
in the “Hot Zone”, to an analyZer device placed in normal 
room temperature or a “Cold Zone”. Such Wirings can add 
to complexities of a sensing system and at the same time 
increase costs associated With installations, as Well as inter 
facing costs and interconnect procedures With other devices. 

[0008] Therefore, there is a need to overcome the afore 
mentioned exemplary de?ciencies associated With conven 
tional systems and devices. 

SUMMARY OF THE INVENTION 

[0009] The folloWing presents a simpli?ed summary of the 
invention in order to provide a basic understanding of one or 
more aspects of the invention. This summary is not an 
extensive overvieW of the invention. It is intended to neither 
identify key or critical elements of the invention, nor to 
delineate the scope of the subject invention. Rather, the sole 
purpose of this summary is to present some concepts of the 
invention in a simpli?ed form as a prelude to the more 
detailed description that is presented hereinafter. 

[0010] The subject invention provides for systems and 
methods of multi-parameter sensing, via micro fabricated 
sensing structures that can in part de?ne frequency of 
electronic oscillators operatively connected thereto, Wherein 
output from such oscillators can be combined together, and 
then alternating current coupled (AC coupled) With an 
incoming DC voltage that poWers the oscillators. The Wiring 
arrangement of the subject invention can include a tWo-Wire 
combination (e.g., tWo conducting paths, tWo Wires, and the 
like) that carries a direct current to the oscillators, and 
outputs the combined signal to external measurement 
devices. This Wiring arrangement, in general operates via a 
combination of signal Wire that functions in conjunction 
With a second Wire that acts as a return path to close a typical 
electrical circuit. Such an arrangement can facilitate Wiring 
from the harsh measurement environment of sensing ele 
ments, to external measurement analyZer units, for example 
via a tWo Wire co-axial cable that has loW sensitivity to 
external environmental noise, and provides for an ef?cient 
implementation. 

[0011] In a related aspect of the subject invention, a 
plurality of sensors are operationally connected to a plurality 
of oscillators With frequencies that can vary, in part based on 
variation in measured parameters. Output signals from the 
oscillators can then be combined by a mixer to form a 
combined signal (e.g., a combined alternating signal). Such 
combined signal can then be AC coupled With an incoming 
DC that supplies poWer to the plurality of oscillators. The 
coupling of the mixed signal With the incoming DC can 
simplify circuit design, Wherein the tWo Wiring combination 
can output the mixed signal to an external measurement 
device, While simultaneously supply poWer to the oscilla 
tors. Additionally, a loW pass ?lter can be provided to 
prevent (or mitigate) a return of the mixed signal to poWer 
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inputs of the oscillators. Like Wise, a capacitor can be 
supplied as part of the circuit design of the subject invention 
to prevent the DC to be directed to an output of the mixer. 

[0012] In a further aspect of the subject invention, a 
pressure sensor can be connected to a package, such that the 
contact area therebetWeen is less than the area at base of the 
sensor. For example to reduce the contact area With the 
package, a step shaped structure can be formed as part of the 
sensor base, to form a typically free expanding member With 
the sensing element placed thereon. Such step shaped struc 
ture reduces a contact area With the package, to mitigate 
effect of stress due to temperature variations on the pressure 
sensing element. As such, the resulting free expanding 
member can typically expand/ contract beneath the pressure 
sensing element during temperature changes. The free 
expanding member can be fabricated from a single material 
type. Accordingly, the single coef?cient thermal expansion 
of the expanding member can provide a Zone, Wherein 
induced temperature stresses/ strains are typically absorbed 
and/or primarily manifested therein, and thus stress/strain 
inducement on the pressure sensing element can be miti 
gated. The pressure sensor can operate based on pieZoresis 
tive, capacitive and/or resonant structures. 

[0013] To the accomplishment of the foregoing and related 
ends, the invention, then, comprises the features hereinafter 
fully described. The folloWing description and the annexed 
draWings set forth in detail certain illustrative aspects of the 
invention. HoWever, these aspects are indicative of but a feW 
of the various Ways in Which the principles of the invention 
may be employed. Other aspects, advantages and novel 
features of the invention Will become apparent from the 
folloWing detailed description of the invention When con 
sidered in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 illustrates a schematic block diagram of a 
multi-parameter sensing system in accordance With an 
aspect of the subject invention. 

[0015] FIG. 2 illustrates an exemplary alternating current 
(AC) coupling in accordance With an aspect of the subject 
invention. 

[0016] FIG. 3 illustrates a block diagram of a particular 
sensing system according to an aspect of the subject inven 
tion. 

[0017] FIG. 4 illustrates a block diagram of an exemplary 
receiving circuit arrangement that can employ a single signal 
Wire and a return Wire for coupling of signals in accordance 
With an aspect of the subject invention. 

[0018] FIG. 5 illustrates output signals variation range of 
oscillators in frequency domain, Wherein the oscillators are 
poWered according to a Wiring arrangement of the subject 
invention. 

[0019] FIG. 6 illustrates a How chart for a methodology of 
employing a tWo-Wire arrangement AC coupled according to 
a particular aspect of the subject invention. 

[0020] FIG. 7 illustrates a side vieW for a pressure sensor 
With a step structure that can have a free expanding member 
as part thereof, in accordance With an aspect of the subject 
invention. 
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[0021] FIG. 8 illustrates a top vieW of the pressure sensor 
of FIG. 7, With an exemplary cantilever arrangement 
according to a particular aspect of the subject invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The subject invention is noW described With refer 
ence to the draWings, Wherein like reference numerals are 
used to refer to like elements throughout. In the folloWing 
description, for purposes of explanation, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the subject invention. It may be evident, hoW 
ever, that the subject invention may be practiced Without 
these speci?c details. In other instances, Well-knoWn struc 
tures and devices are shoWn in block diagram form in order 
to facilitate describing the subject invention. 

[0023] Referring initially to Fig, 1, there is illustrated a 
schematic block diagram of a multi-parameter sensing sys 
tem 100 in accordance With an aspect of the subject inven 
tion. Aplurality of micro-fabricated sensors 102, 104, 106 (1 
thru n, Where n is an integer) are provided to measure 
various desired parameters, such as temperature, pressure, 
speed of chemical reaction and the like. The micro-fabri 
cated sensors can be fabricated from materials such as single 
crystal or polycrystalline silicon, silicon carbide, silicon 
nitride, diamonds and the like materials that can tolerate 
high temperature and pressure. 

[0024] Such micro fabricated sensors 102, 104, 106 are 
positioned in a feedback path of electronic oscillator(s) 101, 
103, 105 (1 thru m, Where m is an integer), Wherein at least 
tWo outputs (e.g., the three outputs 131, 133, 135 from the 
oscillator(s) 101, 103, 105) can be combined together via a 
mixer 110 to form a combined signal 137, and then alter 
nating current coupled (AC coupled) at 120 With an incom 
ing DC voltage 127 that feeds the oscillators 101, 103, 105. 
Such oscillators can be a Colpitts, Pierce, Hartly, and the like 
oscillators. The oscillation frequency of each oscillator 101, 
103, 105 can depend on a physical parameter that a respec 
tive sensor can measure. 

[0025] The Wiring arrangement includes a single Wire 125 
that carries the direct current 127 to the oscillators 101, 103, 
105, as Well as outputting the combined signal 137 to 
external measurement devices. Such Wire 125 is combined 
With a second Wire 114 that functions as a return path to 
close a typical electrical circuit. Such an arrangement can 
facilitate Wiring from the harsh measurement environment to 
external measurement units (not shoWn), for example via a 
tWo Wire co-axial cable, Which can have loW sensitivity to 
external noise. 

[0026] FIG. 2 illustrates a circuit arrangement for trans 
ferring the mixed signal formed from combining output 
from at least tWo of the oscillators, to an external measure 
ment or analyZer device (not shoWn), in accordance With an 
aspect of the subject invention. As explained in detail infra, 
a plurality of signals 209 outputted from the oscillators are 
directed to a mixer 211. The mixer 211 can mix such signals, 
to form a combined signal 212 that is AC coupled With 
signal 216. The capacitor 215 prevents the DC poWer current 
216 to be directed to an output of the mixer 211. Like Wise, 
the LoW Pass Filter 210 can prevent (or mitigate) a returning 
of the combined signal 212 to poWer inputs of the oscilla 
tors. Coupling such combined signal 212 With an incoming 
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DC voltage 216 can simplify circuit design via employing 
tWo Wires 217 and 214 for an output to the external mea 
surement analyzer device. Accordingly, poWer to the oscil 
lators can be provided via such tWo Wire combination, Which 
can also carry the mixed signal to an external measurement 
analyZer device. 

[0027] FIG. 3 illustrates a block diagram of a particular 
sensing system 300 that can function in high temperatures 
(3000 C. - 600° C.) according to an aspect of the subject 
invention, for measuring temperature and pressure. The 
sensing elements associated With micro-fabricated sensors 
310 and 312 can be resonating structures or capacitors that 
can interact With electronic circuits that provide oscillation. 
For example, to measure pressure With the micro-fabricated 
sensor 310, at least one of a resonator or capacitor is placed 
on a thin diaphragm, Wherein upon pressure application such 
diaphragm can be stretched and introduce a change in 
tension of the resonator or the value of capacitors. As such, 
the resonator can vibrate in at least one of a vertical, lateral, 
balanced or torsional manner, and trigger an ensuing signal. 

[0028] As explained above, the system 300 includes a 
micro-fabricated sensor 310 that is sensitive to both pressure 
and temperature, and another micro-fabricated sensor 312 
that is sensitive to temperature only. As such, proper tem 
perature correction can be performed on the pressure mea 
surement obtained by the sensor 310 that measures both 
temperature and pressure. The oscillation frequency of oscil 
lator 314 depends on temperature and the oscillation fre 
quency of oscillator 311 depends on temperature and pres 
sure. Such frequencies of oscillators 311 and 314 are 
designated such that they do not typically overlap. 

[0029] As illustrated in FIG. 3, the mixer 315 can mix 
outputs from the oscillators 311 and 314 to form a combined 
signal that is AC coupled With an incoming DC voltage that 
poWers the oscillators. Put differently, the same Wires that 
carry an incoming DC voltage for poWering the oscillators 
can be employed to carry the combined signal to a receiver 
circuit associated With an external measurement unit or 
analyzer component. 

[0030] Referring noW to FIG. 4, such receiving circuit 400 
With an external measurement analyZer unit 415 is illus 
trated. Receiving circuit 400 can be located aWay from the 
high temperatures Where the sensor elements actually 
acquire the measured parameters. As such, the receiving 
circuit 400 can be placed in a cold Zone or room temperature, 
and the associated electrical circuitry typically need not be 
high temperature resistant. Pass band ?lters 410, 412 can 
separate signals coming from the various oscillators, and 
direct to the requisite electronic circuitry (e.g., the analyZer 
415) for frequency measurement and/ or temperature correc 
tion of the measured pressure environment. A DC voltage 
source 417 can supply poWer for the oscillators that is AC 
coupled With output of the oscillators, as explained in detail 
supra. 

[0031] FIG. 5 illustrates output signals of tWo oscillators 
in frequency domain, Wherein the oscillators are poWered 
according to a Wiring arrangement of the subject invention. 
The frequency range 510 for oscillator (l) is a function of 
pressure and temperature. Accordingly, a micro-fabricated 
sensor placed in a feedback path of such oscillator can 
measure both temperature and pressure. At the same time, 
the frequency range 520 of oscillator (2) is a function of 
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temperature only, and a micro-fabricated sensor placed in a 
feedback path of such oscillator typically can only measure 
temperature. In general, the frequency ranges 510, 520 for 
such oscillators are designated such that they do not overlap. 
An analyZer component (not shoWn) can determine an 
accurate pressure measurement by analyZing data from both 
oscillators, as described in detail supra. 

[0032] FIG. 6 illustrates a How chart 600 for a method 
ology of employing a tWo-Wire arrangement according to a 
particular aspect of the subject invention. While the exem 
plary method is illustrated and described herein as a series 
of blocks representative of various events and/or acts, the 
present invention is not limited by the illustrated ordering of 
such blocks. For instance, some acts or events may occur in 
different orders and/or concurrently With other acts or 
events, apart from the ordering illustrated herein, in accor 
dance With the invention. In addition, not all illustrated 
blocks, events or acts, may be required to implement a 
methodology in accordance With the present invention. 
Moreover, it Will be appreciated that the exemplary method 
and other methods according to the invention may be 
implemented in association With the method illustrated and 
described herein, as Well as in association With other systems 
and apparatus not illustrated or described. Initially, and at 
610 data associated With at least tWo parameters (e.g., 
pressure and temperature) can be measured (e.g., via a 
resonating technique) With micro-fabricated sensors posi 
tioned in feedback path of oscillators. Subsequently, and at 
620 the output signals from the oscillators can be combined 
to form a combined signal. Such combined signal is then AC 
coupled With an incoming DC that supplies poWer to the 
oscillators, at 630. Next, and at 640 the methodology of the 
subject invention employs a tWo-Wire combination to direct 
the combined signal to an external analyZer unit that is 
positioned aWay from the harsh environment (e.g., high 
pressure and temperature) of the sensing elements. As such, 
Wiring can be facilitated via employing a co-axial cable that 
reduces noise, for example. It is to be appreciated that the 
Wire arrangement of the subject invention can be employed 
for measuring other parameters such as, speed of reaction, 
and the like, and such applications are Well Within the realm 
of the invention. 

[0033] FIG. 7 illustrates a side vieW for a pressure sensor 
710, Wherein the connection area betWeen the base of the 
sensor and a package (not shoWn), is less than the area at the 
base of the sensor. Such an arrangement can facilitate 

expansion (and contraction) of the sensor, and mitigate 
effects of stress due to temperature variations on the pressure 
sensing element. 

[0034] For example to reduce the contact area With the 
package, a step shaped structure 705 can be formed as part 
of the sensor base that reduces a connection area With a 
package, and creates a typically free expanding member 720 
With the sensing element placed thereon. In general, the free 
expanding member 720 can freely expand (and contract) to 
mitigate effects of stress due to temperature variations on the 
pressure sensing element 716. The pressure sensor 710 can 
measure a relative pressure of a surrounding environment 
relative to the space Within the encapsulation 712. Such 
pressure sensor 710 can employ a pieZoresistive, capacitive 
and/or resonating pressure sensing element 716. The 
expanding member 720 can typically be fabricated from one 
material type (e.g., silicon carbide) that has a uniform 
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coef?cient of thermal expansion, to provide a Zone, wherein 
induced temperature stresses/ strains are typically absorbed 
and/or manifested thereinithus mitigating stress/strain 
inducement on the sensing element 716. Accordingly, the 
expanding member can expand or contract, and mitigate 
deformation on the sensing element 716 positioned there 
upon. 

[0035] It is to be appreciated that the step shaped structure 
is exemplary, and the free expanding member can form as a 
result of a connection of a base of the micro-fabricated 
pressure sensor to a package, such that a connection area 
therebetWeen is less than an area of the baseifor example 
an arrangement that employs only a segment of the base area 
(as opposed to the Whole base area), for connecting the 
sensor to the package. Moreover, the Wire connection area 
717 can accept a Wire for connection to the sensor 710 in a 
horizontal orientation. 

[0036] FIG. 8 illustrates a top vieW for the sensor 710 of 
FIG. 7. As illustrated, the micro-fabricated sensing element 
716 operates in conjunction With a thin diaphragm, Wherein 
upon pressure application such diaphragm can be stretched, 
to supply a change in tension of the resonator and/or the 
value of capacitors associated With the sensing element 716. 
As such, sensing element 716 can be sensitive to both 
temperature and pres sure. At the same time, sensing element 
818 can be merely sensitive to temperature, and is connected 
via conducting paths 819 to the electronic circuitry 817. The 
sensing element 818 can supply data for a proper tempera 
ture correction of the pressure measurement, Which is 
obtained by the sensor 716. 

[0037] Although the invention has been shoWn and 
described With respect to certain illustrated aspects, it Will be 
appreciated that equivalent alterations and modi?cations 
Will occur to others skilled in the art upon the reading and 
understanding of this speci?cation and the annexed draW 
ings. In particular regard to the various functions performed 
by the above described components (assemblies, devices, 
circuits, systems, etc.), the terms (including a reference to a 
“means”) used to describe such components are intended to 
correspond, unless otherWise indicated, to any component 
Which performs the speci?ed function of the described 
component (e.g., that is functionally equivalent), even 
though not structurally equivalent to the disclosed structure, 
Which performs the function in the herein illustrated exem 
plary aspects of the invention. Furthermore, to the extent 
that the terms “includes”, “including”, “has”, “having”, and 
variants thereof are used in either the detailed description or 
the claims, these terms are intended to be inclusive in a 
manner similar to the term “comprising.” 

What is claimed is: 
1. A micro-fabricated pressure sensor, comprising: 

a pressure sensing element; and 

a free expanding member formed as a result of a connec 
tion of a base of the micro-fabricated pressure sensor to 
a package, such that a connection area therebetWeen is 
less than an area of the base, the free expanding 
member mitigates effects of at least one of temperature 
induced stress and strains on the pressure sensing 
element. 

Aug. 31, 2006 

2. The micro-fabricated pressure sensor of claim 1, the 
micro-fabricated pressure sensor With a step structure that 
forms the connection area. 

3. The micro-fabricated pressure sensor of claim 1, the 
pressure sensing element operates based on at least one of a 
resonator, capacitive structures and pieZoresistive. 

4. The micro-fabricated pressure sensor of claim 1, the 
pressure sensing element positioned on the free expanding 
member. 

5. The micro-fabricated pressure sensor of claim 1, the 
pressure sensing element comprising an encapsulation that 
relative thereto, a pressure of surrounding environment is 
measured. 

6. The micro-fabricated pressure sensor of claim 1, the 
free expanding member With a uniform thermal expansion 
coef?cient to provide a Zone that mitigates thermal stresses 
or strains. 

7. The micro-fabricated pressure sensor of claim 1, the 
expanding member comprising silicone carbide. 

8. The micro-fabricated pressure sensor of claim 1, the 
pressure sensing element further sensitive to temperature. 

9. The micro-fabricated pressure sensor of claim 1, further 
comprising a Wire connectable portion for attaching a Wire 
thereto. 

10. The micro-fabricated pressure sensor of claim 4 the 
free expanding member expandable to mitigate at least one 
of a strain and stress on the pressure sensing element. 

11. A method of measuring a pressure via a pressure 
sensor comprising: 

connecting a base of the pressure sensor to a package to 
form a connection area, the connection area smaller 
than an area of the base; and 

forming a free expanding member from the connecting 
act. 

12. The method of claim 11 further comprising forming a 
step shaped structure on the base. 

13. The method of claim 11 further comprising position 
ing a sensing element associated With the pressure sensor on 
the free expanding member. 

14. The method of claim 13 further comprising expanding 
the free expanding member as a result of pressure or 
temperature induced on the pressure sensor. 

15. The method of claim 14 further comprising contract 
ing the free expanding member. 

16. The method of claim 14 further comprising mitigating 
a deformation on the sensing element. 

17. The method of claim 14, further comprising measur 
ing a pressure of a surrounding environment relative to the 
sensing element. 

18. The method of claim 14 further comprising providing 
a Zone Within the expanding member to absorb stresses or 
strains therein. 

19. A micro-fabricated pressure sensor comprising: 

means for forming a free expandable member; and 

means for reducing a strain or stress on a sensing means 

of the pressure sensor. 
20. The micro-fabricated pressure sensor of claim 18 

further comprising means for reducing a contact area of the 
pressure sensor to a package. 

* * * * * 


